The aim of the present study was to determine whether simple clinical variables can predict the effect of intensive exercise training in an unselected population early after myocardial infarction.
Introduction
Cardiac rehabilitation is a combination of exercise training and coronary risk modification in patients with established heart disease' 1 '. Exercise training after myocardial infarction improves exercise capacity, as demonstrated in randomized, controlled studies' 2 " 41 .
In non-randomized studies, cardiac rehabilitation programmes have been found to be cost-effective' 5 ' 6 '. Although the majority of participants in these programmes are middle-aged males, a training effect has been demonstrated both in females' 7 ' and in elderly patients' 8 '. Patients with large infarctions may have been excluded from exercise training programmes, partly because one study has suggested that left ventricular function may deteriorate during training' 9 '. A more recent study, however, demonstrated that such deterioration occurred irrespective of exercise' 10 '.
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Attempts have been made to define clinically useful predictors of training effect after myocardial infarction'" 1 ' 2 '. No simple pre-training data have yet provided sufficient information in this realm in nonselected patients during short-term exercise training, and more studies are clearly needed' 13 '. The present study was performed to identify predictors of an increase in exercise capacity in a short-term intensive exercise training programme in an unselected patient population after myocardial infarction.
Methods

Study patients
Our hospital serves a local population of 130 000 inhabitants. During the study period of 2-5 years, 309 patients aged 68 years or younger were discharged alive with a qualifying study diagnosis of myocardial infarction. Patients were screened for participation in the study at discharge from hospital. The study criteria were: patients 68 years of age or younger with chest pain 
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typical of myocardial infarction and peak aspartate aminotransferase (ASAT) >60U.l~' (upper normal limit 40 U . 1 ~ ') and/or electrocardiographic signs of myocardial infarction, either ST/T criteria or new Q waves. Exclusion criteria were angina pectoris or congestive heart failure in New York Heart Association class III-IV, severe chronic pulmonary disease, severe symptomatic obliterating arteriosclerosis, muscleskeletal or cerebrovascular diseases incompatible with exercise training, drug or alcohol dependence and severe mental disease. One hundred and seventy patients were remitted to training after in-hospital screening. A flow chart of the material is given in Fig. 1 . At the final evaluation before starting training, 28 patients were not included for the following reasons: unstable angina, severe congestive heart failure or other medical conditions (n = 5), administrative reasons (n=12) and unwillingness to participate (n= 11).
One hundred and forty-two patients were included in the training programme. Twenty-two patients dropped out during the study period for cardiac reasons (n = 6), other medical (n = 7) or non-medical reasons (n = 9). Fifteen patients were excluded from analysis because of onset of atrial fibrillation (n=l), or because of starting (n = 3) or stopping (n=ll) treatment with beta-adrenergic blocking agents during the training period. One hundred and five patients completed the programme and were eligible for analysis. Table 1 lists the four groups.
Exercise training
The training programme has already been described in detail 1 ' 41 . The patients exercised 5 days a week for 4 weeks, starting approximately 5 weeks after the qualifying myocardial infarction. During aerobic training, the aim was to achieve a heart rate 85% of the maximal achieved at the first exercise test. Individual muscle groups were also exercised. The sessions lasted 2 hours per day.
Exercise testing
Just before and immediately after the training period, a symptom-limited bicycle ergometer exercise test was performed. Exercise testing started at a load of 300kpm.min~' in males and 200 kpm . min " ' in females for 6 min. The load was increased by 300 (200) kpm . min ~ ' every 6 min until exhaustion, limiting non-cardiac symptoms or until one of the criteria for terminating the test was met: chest pain, ST depression of 3 mm or more, a drop in systolic blood pressure of lOmmHg or more, or significant arrhythmias. The exercise capacity was calculated as cumulative work in kilo Joules (kJ). The training effect was defined as an absolute increase in cumulative work from pre-to post-training exercise tests.
Variables for prediction
Twenty-eight variables were selected as possible predictors of a training effect (Tables 2-4 and appendix). These variables represent data from the patient history, from the in-hospital period, from the clinical status at the start of training and from the pre-training exercise test. No additional tests were performed for the purpose of the study.
Statistical analysis
The 28 variables were tested against the training effect in univariate analysis with t-tests, Wilcoxon tests or Spearman correlation analysis, as appropriate. Variables that correlated significantly with the training effect, as well as two variables without a significant univariate association, were then tested in a multivariate regression analysis with backwards variable selection. Groups II, III and IV were compared to group I for baseline characteristics by Wilcoxon tests or two-tailed Fisher's exact test. A significance level of 5% was applied. Multivariate analysis was performed using the SAS computer package.
Results
Groups 11-111 and IV were fairly similar to group I patients ( Table 1 ). The mean cumulative work increased Group I = analysed patients; Group II = patients not included at start of training; Group III = dropouts during the training period; Group IV = excluded from analysis. Data are presented as percentages unless otherwise noted. Variables in groups II-IV are compared to group I, */ > =0021 and tPO-035, otherwise differences were not significant. CW=cumulative work (kJ) The study population (n=105) is divided according to parameter label. P values are for betweengroup differences in the training effect.
by 49% from 46-7 ± 22-6 kJ before to 69-5 ± 31-1 kJ after exercise training (/><0-0001). This corresponds to a mean increase in peak exercise capacity from 5 min on the 600 kpm . min ~ ' load before training, to 2 min on the 900 kpm . min ~ ' level after training. Three discrete variables were significantly related to the training effect in the univariate analysis (Table 2) , while 15 were not (Table 3) . Five of the ten continuous variables correlated significantly to the training effect (Table 4 ). In the multivariate analysis only one of the cardiac enzymes, ASAT, was included. Current smoking habits and treatment with beta-adrenergic blocking agents were included in this analysis, in spite of the lack of a significant univariate association with the training effect.
The multivariate analysis identified five variables which had a significant independent relationship to the training effect (Table 5 ). These five variables explained 33% of the variations in the training effect. The most striking finding was the highly significant positive correlation between infarct size, as judged by peak ASAT, and training effect: the larger the infarct, the better the effect of training. Angina pectoris at the start of training and the initial cumulative work lost their significance in this multivariate model. Smoking habits were not associated with training effect either in the univariate or in the multivariate analysis.
To further clarify the relationship between peak ASAT and the training effect, the patients were assigned to quartiles according to peak ASAT. A near linear relationship between peak ASAT quartiles and training effect appeared to exist (Fig. 2) . Initial cumulative work was independent of peak ASAT (r= -0068, />=0-50).
Patients who needed treatment for hypotension, tachy-or bradycardia or congestive heart failure during the initial hospitalization, and patients who were symptomatic or on drug treatment for congestive heart failure during training had a training effect at least as great as those without these characteristics (Table 3) .
Discussion
The present study demonstrates that in post-myocardial infarction patients, myocardial infarct size, ability to exercise to exhaustion at entry exercise test and male gender are associated with a better training effect; high 
The study population is divided according to parameter label. CW=cumulative work (kj). CHF = congestive heart failure. patient age and treatment with beta-adrenergic blocking agents are associated with a lower effect from training.
Myocardial infarct size, peak ASAT
The positive correlation between peak ASAT and training effect seems firm on statistical grounds, since it was demonstrated in the univariate and multivariate analyses and when analysing the population in ASAT quartiles. There is no obvious explanation for the relationship between peak ASAT and training effect demonstrated in our study. There was no correlation between peak ASAT and initial fitness in the present study, therefore baseline differences in cumulative work cannot explain the findings. Selection bias could hardly produce a false-significant correlation. Group II patients had identical peak ASAT levels, and groups III and IV patients had only slightly different ASAT values compared to those patients who were analysed.
Patients with larger infarcts might have had longer immobilization periods and a larger potential for increasing their muscular strength. However, the baseline exercise capacity was not lower in patients with larger infarcts. Moreover, the duration of hospitalization did not predict the effect of training.
Advanced atherosclerosis causing a reduction in coronary blood flow is a strong stimulus for collateral development' 19 ' 201 . The presence of coronary collateral vessels at the onset of myocardial infarction is associated with limitation of infarct size as assessed enzymatically' 2 ' 1 . Thus, patients with larger infarcts might have less advanced general atherosclerosis and thereby a potential for a better training effect.
As patients with larger infarcts may have less developed collaterals before their coronary events' 211 , they may have a larger potential for developing collaterals during training. Collaterals develop rapidly and are generally demonstrable within 2 weeks after a total coronary occlusion'
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. Development of collaterals during exercise training has been demonstrated in animal experiments' 231 , but has not been shown in man' 23 ' 241 . Collateral development might have contributed to the better training effect in patients with large infarcts, although this explanation remains speculative.
After successful thrombolysis, the peak enzyme values tend to be higher' 25261 . Successful thrombolysis also induces stunning, resulting in temporarily depressed left ventricular function and the potential for subsequent improvement in left ventricular function in the period following the infarct' 271 . Thus patients with higher peak enzyme values after successful thrombolysis might experience an improvement in cardiac function and thereby improve their exercise capacity more than expected. However, the use of thrombolytic agents did not influence the training effect in the present study.
Exercise capacity correlates poorly with indices of left ventricular function at rest in patients with cardiac disease' 28 ' 291 . Exercise capacity, however, may be maintained through a variety of cardiovascular compensatory mechanisms'
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. Thus the cause of the observed relationship between peak ASAT and the effect of training remains uncertain, but less advanced atherosclerosis and less developed coronary collaterals at the time of myocardial infarction might be important.
Ability to exercise to exhaustion
Inability to exercise to exhaustion at the baseline exercise test predicted a lower effect of training in our study. These findings fit with another study which demonstrated that patients with chest pain or ischaemia at the baseline exercise test had a lower effect from training than patients without' 3 ' 1 .
Gender
In the present study, male gender predicted a better training effect. In the present study, referral rates were similar in both genders (to be published) and the exclusion and drop-out rates did not differ between males and females ( Table 1) .
Age
In the multivariate analysis in our study, higher age was associated with a lower effect of training. Supporting this, another study demonstrated a higher mean age in patients who did not reach a normal exercise capacity after training'" 1 . Several other studies, however, have found similar training effects in younger and older patients' 8 ' 37 " 391 , although the older patients in these studies were older than in our study and in that of Fioretti et a/.'" 1 . Thus the results are not directly comparable.
Treatment with beta-adrenergic blocking agents
Exercise capacity is reduced in post-myocardial infarction patients on such treatment' 401 . In spite of this, several studies have demonstrated a training effect equally as large in patients with beta-blockers as in patients without' 41 " 431 . In the present study, patients with and without beta-blocker treatment had a similar baseline exercise capacity, but the patients on treatment achieved a 22% lower training effect. The higher intensity in our training programme may have revealed differences in the potential for an increase in physical capacity. As there is little difference between beta-1 selective and non-selective blockers in this respect' 44 ', the population was not divided according to the type of agent used.
General discussion
Exercise training after myocardial infarction may improve risk factors for coronary artery disease in addition to improving exercise capacity. Therefore, all patients should engage in some form of exercise.
However, not all patients will increase their exercise capacity during formal, more intensive exercise training. Is it possible to predict this improvement in exercise capacity?
In the present study, five independent predictors were found, all of them simple clinical parameters available in all patients without incurring extra costs. Consecutive patients from one institution were included and we used well defined inclusion criteria, with no gender bias. Most of the eligible patients were included (to be published).
In-hospital complications, such as congestive heart failure on arrhythmias, and angina pectoris or congestive heart failure at the start of training did not predict the effect of training. Initial exercise capacity also failed to predict the effect of training, in accordance with another study'" 1 . Others, however, have found that low baseline exercise capacity predicts a better effect of training' 32 ' 4546 '. No other variables have consistently given substantial predictive information. Data on left ventricular function has not predicted the effect of training"'- 45 '.
Comparison of exercise training studies poses several problems, the largest being that different outcome measures have been applied. We used the absolute increase in training effect, as did others' 45 -46 '. Relative increase' 32 ', a composite criterion of success or failure' 12 ' and number of subjects achieving expected normal exercise capacity after training have also been used'"'. The magnitude of the training effect differs between studies, from 49% in the present study, to 30 
Clinical implications
After myocardial infarction all patients should be offered rehabilitation. The patient's vocational status, psychological status, risk factor profile and work capacity should be addressed. All patients should be encouraged to take some exercise. Formal, more intensive exercise training programmes should be prescribed when indicated. The data from the present study can help to decide referral to exercise training programmes. There is no justification in denying patients with larger infarcts or patients with past or present moderate congestive heart failure the benefits of exercise training.
No single parameter can predict which patients will achieve a satisfactory training effect. However, regarding the five parameters reported in the present study, a fair indication of expected training effect can be given.
